Coordinated changes of cell shape are often the result of the excitable, wave-like dynamics of the actin cytoskeleton. New work shows that, in migrating cells, protrusion waves arise from mechanochemical crosstalk between adhesion sites, membrane tension and the actin protrusive machinery.
In order to migrate, eukaryotic cells have to transduce intracellular forces to the extracellular environment. A unifying theme is that the retrograde force produced by actin filaments growing against the leading plasma membrane is transduced to the substrate, e.g. via transmembrane adhesion receptors [1] . While this principle is of broad relevance, the spatiotemporal regimes under which such mechanocoupling arises can be diverse. Most cells show some kind of oscillatory morphodynamic patterns, such as protrusion-retraction cycles or wave-like undulations of their surface curvature. These shape changes define the different strategies of how cells move and, for some amoeboid cell types, it has been suggested that coordinated deformations can even endow them with the capacity to swim within viscous media [2, 3] . How such, often oscillating, dynamics arise is largely unknown, but it is firmly established that the actin cytoskeleton generates almost all intracellular forces. In this issue of Current Biology, Barnhart et al. [4] now demonstrate how an interplay between three feedback loops involving actin-driven protrusion, adhesion site formation and membrane tension can generate laterally propagating protrusion waves.
For their study, Barnhart et al.
[4] have used the simplest known paradigm for actin-driven cell motility: the fish keratocyte. These cells, derived from fish scales, migrate spontaneously and steadily when plated on an adhesive surface. Keratocytes display a stereotypic flat, fan-like morphology, shape changes over time are minimal, and there is almost no relative slippage between the substrate and the actin network growing from the leading edge. The leading edges of these cells represent expanding actin networks surrounded by the bag of plasma membrane and thus reduce the three-dimensional and temporally complex phenomenon of cell motility to a two-dimensional, largely homeostatic problem. In other words: as long as there is no thorough understanding of keratocyte motility, there is no understanding of cell migration.
In previous work, these authors found that, when plated on highly adhesive surfaces, keratocytes often show a remarkable behavior that is rare under intermediate adhesion conditions: they switch from the steady shape to oscillatory waving, where a new lamellipodium is initiated at the front and then travels laterally until it vanishes at the side of the cell [5] . Occasionally, two waves are initiated at the front of one cell, leading to a breaststroke pattern, whereby one wave travels to the left and the other to the right.
The authors took a very quantitative morphometric approach and found that the adhesiveness of the substrate not only increases the frequency of traveling wave formation but at the same time decreases the width and the lifetime of the lamellipodium. This behavioral switch was induced not only by changing substrate adhesiveness but also by modifying the stability of adhesion sites, with pharmacological stabilization or destabilization of adhesion sites leading to more or less waving, respectively.
Temporal oscillations of lamellipodia are seen in most cell types, and fibroblasts and epithelial cells show regular protrusion-retraction cycles [6] . It has been suggested that such cycles are coupled to retrograde transport of molecular regulators that occurs together with the actin flow. In their new study, Barnhart et al. [4] considered this option, but when they measured retrograde actin transport in waving lamellipodia they found that there was no slippage between actin and substrate. This allowed them to conclude that actin polymerization itself rather than coupling to the substrate defines the propagation of the protrusive wave and that a wave ultimately dies when polymerization stalls. The spatial coupling between the travelling wave front and the adjacent sections of the R24 Current Biology 27, R19-R41, January 9, 2017 ª 2017 Elsevier Ltd.
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